INTRODUCTION
Dementia is a growing global problem with an estimated 25 million cases worldwide in 2005. The costs of dementia to both individuals and society as a whole are large, with healthcare-related cost alone in the USA estimated at $200 billion per year. 1 There is growing evidence to support a role for both genetic and acquired risk factors for the development of dementia in the elderly. 2 Consistent modifiable risk factors for the development of Alzheimer's and 'all-cause' dementia in older people are those associated with vascular disease and include diabetes, hypertension and obesity. [3] [4] [5] [6] [7] [8] Less robust evidence supports an association with smoking, chronic renal failure and psychological stressors including depression. [9] [10] [11] Although, the prevalence of dementia rises exponentially with age, it is well recognised in younger people (usually arbitrarily defined as less than 65 years old). The importance of genetic factors in dementia of young onset has commonly been reported in the literature, but in clinical practice, inherited dementia is relatively uncommon. A positive family history of autosomal dominant dementia is seen in the minority of patients, even among those attending national centres of excellence (personal communication Professor Martin Rossor, National Hospital for Neurology and Neurosurgery, London, UK), but the role of potentially modifiable risk factors like vascular disease is unclear in this population. There have been a limited number of epidemiological studies of young onset dementia. With few exceptions, 12 the primary aim has been to estimate the prevalence and cause of dementia, albeit often using data from selective populations, for example, those attending hospital clinics. The reported prevalence of dementia in the young varies from 38 to 420 per 100 000 population, reflecting heterogeneity in study design and study population. [12] [13] [14] [15] Alzheimer's disease remains the most common cause of dementia in younger people, but dementia associated with movement disorders or other neurodegenerative disorders are more commonly seen than in an older population. The relatively small numbers included in previous research in the young have rarely permitted an accurate assessment of potential risk factors; thus, the relative importance of modifiable risk factors in young onset dementia remains unclear.
The aim of this study is to determine the prevalence of young onset dementia in a large population sample, and the prevalence of vascular comorbid conditions in people with young onset dementia in comparison to the general population.
METHODS
The UK National Health Service (NHS) requires registration with a general medical practice to access healthcare services. UK general practitioners (GPs) universally use electronic medical records that include data on demography, the conditions an individual has and prescribing. Patients with dementia were identified from a data set of 1 751 841 people registered with 314 general practices in Scotland, covering approximately one-third of the Scottish population. The data set used for the analysis and definitions of the morbidities defined have been fully reported elsewhere, 16 but in brief, at the time of data extraction, participating practices systematically used electronic medical records for registration of patients, morbidity recording (including dementia) and prescriptions. The data for this analysis are from all patients who were alive and permanently registered with a participating practice on 31 March 2007. The data set is representative of all Scottish patients in terms of age, sex and socioeconomic status. Dementia is one of the conditions included in the UK Quality and Outcomes Framework, under which GPs are paid to maintain accurate registers for common chronic conditions, and for the delivery of specified care to people with those conditions. This ensures that diagnoses are reviewed annually, and accuracy of diagnosis is financially incentivised. Additional data extracted were for age, sex, socioeconomic status defined by the Carstairs Score of the postcode of residence grouped into equal fifths of the population, and the presence of specified vascular and neurodegenerative comorbidities. The NHS National Research Ethics Service had previously approved the anonymous use of these data for research purposes; therefore, this study did not need individual ethics approval.
Case definition
Dementia was defined as the presence ever of one of a specified set of Read Codes (the standard morbidity coding used by NHS general practices) or the prescription ever of an anticholinesterase inhibitor (detailed in see online supplementary appendix 1). People with dementia were included if they were between 40 and 64 years old (inclusive) on 31 March 2007. The comparison population consisted of people between ages 40-64 with no record of dementia in the primary care record.
Prior to conducting the study, the accuracy of GP coding of young onset dementia was examined in a set of eight practices with a registered population of 51 147, where electronic records were screened to identify cases of young onset dementia using the same criteria as above, and the full primary care record including free-text and hospital letters reviewed. In total, 17 350 people were aged between 40 and 64 years old, and 15 of them were coded as having dementia (estimated prevalence of 86.5/100 000 population (95% CI 50.8 to 122.2). On review, all diagnoses fulfilled Diagnostic and Statistical Manual of Mental Disorders (DSM) IV criteria for gradual onset and progressive impairment in memory function and at least one other cognitive domain resulting in impairment of social and occupational function.
Statistical analysis
The crude, age and gender-stratified prevalence of dementia was estimated with 95% CIs calculated using Wilson's method with continuity correction. The proportion of people with and without dementia who had a vascular comorbidity (hypertension, ischaemic heart disease (IHD), diabetes, peripheral vascular disease, stroke or transient ischaemic attack (TIA) or chronic kidney disease (CKD) stage 3 or worse) was calculated and the OR=estimated using logistic regression with and without adjustment for age, sex and socioeconomic status. A Breslow Day test for homogeneity of OR was undertaken to analyse the potential effect modification of gender.
As a sense check to examine if known associations with dementia were found, the analysis was repeated for the presence of neurodegenerative disorders known to be associated with dementia (Parkinson's disease, multiple sclerosis and learning disability).
A Mantel-Haenszel linear-by-linear association test was used to test for linear association. All analyses were carried out in IBM SPSS V.11.
RESULTS

Basic demographics
In total, 616 245 individuals aged between 40 and 64 inclusive were identified from a total population of 1 751 841, of whom 1061 had a dementia diagnosis. People with dementia had a mean age of 55.6 years (SD±6.9) and 657 (62%) were women. Those without dementia were significantly younger (mean age=51.2 SD±7.2) p<0.01) and 49.5% were women.
Prevalence rates
The overall prevalence of dementia in those between the ages of 40 and 64 was 172 (95% CI 161 to 172) per 100 000 population (table 1) . Prevalence increased with age from 75/100 000 population in those aged 40-44, to 399/100 000 identified between the ages 60 and 64. Prevalence of dementia was inversely related to socioeconomic status with lowest prevalence noted in the most affluent. The overall prevalence in the most affluent fifth of the population was 119 (95% CI 99 to 139) per 100 000 in comparison to 226 (95% CI 196 to 256) per 100 000 population in the least affluent fifth.
The prevalence of dementia was higher in people with vascular morbidities, and prevalence progressively increased with the number of vascular comorbidities, from 129/100 000 in people with no vascular comorbidity to 999/100 000 in people with four or more ( p=0.01).
Vascular comorbidities were common in people with dementia, with 27% having hypertension, 9% IHD and 12% diabetes (table 2). They were more common in people with dementia in comparison to the general population. As expected given that people with dementia were somewhat older than people without, age adjustment reduced the crude associations seen, but people with dementia were more likely to have all of the vascular comorbidities examined, the strongest associations being with stroke/TIA and CKD (adjusted OR=3.1, 95% CI 2.4 to 4.0; 2.9, 95% CI 2.1 to 4.0, respectively). Associations were weaker but still statistically significant for other vascular comorbidities, with adjusted ORs of 2.0 or more for diabetes and peripheral vascular disease, and somewhat weaker associations with IHD and hypertension. In total, 59% of people with dementia had no vascular comorbidity, compared with 79.4% of people without dementia (adjusted OR=0.6, 95% CI 0.5 to 0.7), and people with dementia were much more likely to have multiple vascular comorbidities. Analysis for linear trend (linear-by-linear association=384, 1 df, p<0.001) demonstrates association between the number of vascular comorbid conditions and dementia with the greatest association identified in those with four or more comorbidities (table 3) .
Neurodegenerative and congenital disorders
As expected, people with dementia were much more likely to have Parkinson's disease and learning disability compared with people without (adjusted OR=8.7, 95% CI 4.4 to 16.9 and 7.1, 95% CI 4.8 to 10.4, respectively) with a weaker association with multiple sclerosis which was not significant after adjustment (adjusted OR=1.8, 95% CI 0.9 to 3.4), although the numbers are small for all these conditions (table 4) .
DISCUSSION
To the best of our knowledge, this population-based study is the largest prevalence study of young onset dementia to date, and additionally, it examines the presence of multiple vascular comorbidities in people with young onset dementia compared with the general population. The large cohort examined includes approximately one-third of the Scottish population, and the cohort is known to be representative of the total population in terms of age, sex and socioeconomic status. 16 The overall reported prevalence was 172/100 000 population and is close to the middle of the range of estimates in previous studies but more precisely estimated.
12-15 17 18 There is variability in prevalence estimates in the literature, which is likely due to heterogeneity in study design. In general terms, previous studies have taken two forms: population-based studies and registrybased studies. Population-based studies have tended to only include those at greatest risk, typically a narrower and older age range than this study and thus have reported higher prevalence rates. Ott et al 14 only included people aged 55-65 years, and the reported overall prevalence of 420/100 000 is consistent with the estimated prevalence of 399/100 000 in this age group within the current study. Registry-based studies have more accurate case classification for those included, but are likely to have lower case ascertainment. This is illustrated in a study by Harvey et al 13 which was undertaken in two inner city London Boroughs and provides the most accurate case classification to date. The reported prevalence rate of 54/100 000 (CI 45 to 64) in people aged 30-64 and 78/100 000 in people aged 40-64 is considerably lower than the current study, but patients were identified by health and social care referral at a time when electronic coding of dementia in primary care records was incomplete, and thus likely to lead to underascertainment. Finally, the large population included within the current study allows prevalence to be estimated with reasonable precision, which is important when examining rare diseases, with the CIs around the estimated overall prevalence of 172/100 000 being relatively narrow (95% CI 161 to 182).
This study shows a strong association between vascular disease and dementia in those aged between 40 and 64. The strength of association is greatest with a history of previous TIA/ stroke, but significant associations are also seen with CKD, hypertension, diabetes, IHD and peripheral vascular disease, and people with dementia were much more likely to have multiple comorbidities. Cerebrovascular disease has consistently been associated with an increased risk of dementia in older people with 10% of patients with stroke developing dementia. 19 In addition, the presence of white matter changes on MRI of the brain, often termed 'small vessel disease', has been shown to increase subsequent risk of dementia in individuals without overt symptomatic strokes. 20 The mechanism by which cerebrovascular disease confers an increased risk of dementia remains unclear; however, current opinion favours a complex interaction between frank symptomatic strokes, pre-existing leucoaraiosis and ongoing exposure to existing vascular risk factors, and similar processes are likely to be at play in younger people.
The association between glucose metabolism and dementia in the elderly has been investigated extensively with growing robust evidence for an association between impairment of glucose metabolism (including diabetes) and the development of cognitive decline. [3] [4] [5] A number of observational studies have found a twofold increase risk of dementia in comparison to controls. The largest meta-analysis of people with type 2 diabetes demonstrates an overall relative risk of 1.5 and 2.48 for those with Alzheimer's and vascular dementia, respectively. 21 People with diabetes appear to have greater rate of cognitive decline in comparison to controls prior to the development of dementia per se. 22 23 Interestingly, people in an older cohort with diabetes and additional vascular risk factors were found to have a greater risk of dementia than those who only have diabetes. 24 The mechanism underlying the association between diabetes and dementia is unclear. Long-term glycaemic control may be important but this has not been definitively shown, and large-scale longitudinal data will be required to examine this further.
Studies of the association between hypertension and the risk of developing dementia have not always provided consistent results, particularly when hypertension is identified in later life. 25 Hypertension measured in middle age consistently seems to increase the risk cognitive impairment in the elderly. 7 The current study provides supportive evidence of an association between hypertension and dementia in a younger cohort as well. The associations between dementia, peripheral vascular disease and CKD are less well established. A single Japanese study found a positive association between stage 3 CKD and the risk of dementia in an older cohort. 10 In addition, recent results from the Edinburgh type 2 diabetes study suggest an increased risk of dementia in those with reduced Ankle-Brachial Pulse Index (APBI) in an older cohort. 26 Although the exact aetiology remains unclear, it is likely that both disorders reflect widespread disease within the vasculature, including the small cerebral vessels, thus the association found in this study is not unexpected.
Like all cross-sectional studies, this analysis can only show association rather than directly examine causality. Nordström et al 12 recently reported the findings of a large cohort study examining risk factors for the development of dementia in the young by following up men identified from the Swedish Military Service Conscription Register with baseline variables measured at army entry and follow-up data (median follow-up 37 years) obtained from the Swedish National Hospital Discharge Patient Register. The prevalence of dementia was reported as 92/100 000 population with a median age at follow-up of 54 years, but the study did not include women (who make up over 60% of people with dementia in the current study), those with pre-existing learning disability or movement disorder. A history of hypertension and stroke conferred an increased lifetime risk of dementia at follow-up, but angina in the absence of myocardial infarction, CKD and peripheral vascular disease were not examined. The risk of dementia was also greatest in those with excessive alcohol intake at baseline, although data on alcohol intake were incomplete. In the current study, recording of alcohol intake was incomplete or poorly quantified and not analysed.
The current study has the limitations common to all crosssectional studies and those using routine clinical data. Dementia may be misdiagnosed or under-recorded in this population, although referral to a specialist dementia service would be routine clinical practice in the UK, particularly in the young. In addition, accurate recording is financially incentivised and a case note review of patients identified using the same electronic data case definition suggests that coding is accurate. Nonetheless, it is possible that there is under-recording of dementia, although we believe this is less likely in younger people than the very old. 27 If there is under-recording, then it is unlikely to alter the findings since young onset dementia is rare, so misclassifying a proportion of true cases as not having dementia will not meaningfully change the control group characteristics. Additionally, it is important to recognise that cross-sectional analyses can examine association but cannot establish causality, and it is possible that the causal relationship is because people with dementia are better screened for vascular disease rather than because vascular disease is a cause of dementia in this population. However, there has been extensive improvement activity for many years to promote case finding for hypertension and diabetes with financial incentives to regularly measure blood pressure in all middle-aged people, and most of the other conditions are diagnosed after an individual develops symptoms making better screening of people newly diagnosed with dementia unlikely to explain the findings. Nonetheless, causality will be better established using longitudinal methods.
Historically, genetic factors have been considered to be the most important cause of dementia in the young. Genetic factors in dementia have been investigated extensively with the role of ApoE4 established. The presence of ApoE4 confers an increased risk of dementia and appears to influence age of onset. [28] [29] [30] However, genetic testing including ApoE status is not routine clinical practice, precluding their examination in this study.
This study provides evidence to support an association between vascular risk factors, or evidence of existing vascular disease, and the risk of dementia in those between the ages of 40-64. These findings are likely to have significant implications for developed and developing countries given the exponential rise in obesity and diabetes. The relative importance of acquired risk factors in comparison to genetic predisposition remains unclear. The most plausible explanation is that the age of onset and overall risk of dementia is likely to reflect a complex interaction between both genetic and acquired risk factors.
The association between vascular disease and the risk of dementia in the young provides an opportunity for potential intervention and, perhaps, prevention. It is possible that people at higher risk of dementia would benefit from more aggressive vascular risk factor reduction than the general population, but establishing this definitively would require large clinical trials with very long follow-up, and analysis using observational data is more feasible (although also more prone to confounding). Large population-based longitudinal studies with careful ascertainment of dementia type are needed to examine the relative importance of acquired and genetic risk factors, improve diagnosis and allow prediction of prognosis in younger people with dementia.
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